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1. Introduction 
This document provides detail about modelling Fully-Fed Induction Generator (FFIG) based 
wind farm. The generator torque model was specified either as a constant derived from 
nominal turbine power or pitch control block depends on the wind speed. 
This model has been simulated under the normal operating condition and three different 
fault conditions. The performance of the model analysed based on the speed, torque, 
voltage, current, and power of generator, converter and grid. 
This document contains the model design parameters and simulation results. 
2. Wind farm model 
The model in Fig.1. is the top level model of the fully-fed induction generator based wind 
farm with the following subsystems: 
 
1. Induction generator and its torque subsystem 
2. Converter Bridges 
3. Machine bridge control 
4. Network bridge control 
5. Pitch Controller 
6. Transmission line and grid 
2.1 Induction generator  
The Induction Generator block is a standard block in the SimPowerSystems Application 
Library, Machines. Its design is based on reference 3 
2.2 Converter bridges 
This is a standard block in SimPowerSystems, Power Electronics, Universal Bridge. The 
pulses for these two bridges given from subsystems MCB control and NWB control, which 
are modelled based on the vector control principles. Its design parameters are based on 
reference 12. 
Source: Wind Power, Book edited by: S. M. Muyeen,  
 ISBN 978-953-7619-81-7, pp. 558, June 2010, INTECH, Croatia, downloaded from SCIYO.COM
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Fig. 2. Wind Turbine Generator mask dialogue 
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Fig. 3. DC link-Inverter with control blocks 
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2.3 Machine-bridge 
This subsystem was modelled based on the vector control principles, in which the flux and 
torque controlled with the use of speed controller and hysteresis current controller. All the 
parameters are converted into two phase quantities and then the required flux and torque 
are calculated using abc to dq conversion. Here one provision is also available for checking 
the controller response for step change in speed. 
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Fig. 4. Machine bridge control block 
2.4 network-bridge 
This subsystem was modelled based on the independent real and reactive power control 
using voltage and current controller. All the AC quantities are converted into two phase dqo 
and then the voltage and current references are estimated. Here one more provision is also 
available to give different type of pwm pulses, open loop as well as closed loop. 
2.5 Transmission line and grid specifications 
The transmission line is modelled as simple Π equivalent circuit block which is available 
with the standard block in SimPowerSystems, Elements. Its design parameters are specified 
in reference 8. 
The Grid block is a standard block in the SimPowerSystems, Electrical Sources. Its design 
parameters are based on reference 8. The grid condition is based on the parameters under 
short-circuit section either by providing short-circuit power SCVA, Base Voltage Vrms, X/R 
ratio SCR or by Source Resistance Rs and inductance Ls. 
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Fig. 5. Network bridge control block 
 
Fig. 6. Transmission Line Π equivalent mask dialogue 
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2.6 Pitch controller 
The pitch controller block is a standard SimPowerSystems Pitch Controller Library block. 
We have made some modifications to enable or disable the controller based on the wind 
speed. Also the existing standard wind turbine block will give the per unit torque value.  
Then this is converted into actual value by manually adding the gain block which multiplies 
it with the base torque. 
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Fig. 7. Pitch controller block 
 
Fig. 8. Wind Turbine mask dialogue 
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Fig. 9. Wind Turbine characteristic curves 
Run the M-file Turbine_model_initialisation.m first to assign values to Parameters
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Fig. 10. Wind Turbine Block 
3. Modelling notes and assumptions 
The model is completely discrete; there are no continuous states. 
The model is full parameterised; it has no hard coded parameter values. 
All the model parameter values are set up in the initialisation file. The model could be used 
for a different wind turbine simply by changing the initialisation file; no change to the 
model is needed. 
www.intechopen.com
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The stiffness of the shaft between the generator and wind turbine was chosen so that 
mechanical resonance occurred at 5Hz. This was done to demonstrate the effectiveness of 
active damping.  
MATLAB mechanical dynamic model has been made discrete. The sample time chosen for 
the discrete model, 5X10-6 s, gave time domain results very close to the continuous model 
for 5Hz resonant frequency. 
The model assumes that the converter DC link voltage is maintained constant during the 
simulations, thus the energy storage of the DC link due to the DC link capacitor has not 
been modeled. 
The standard MATLAB wind turbine model has been used, which is analytic but doesn’t 
completely agree with the data provided by client in reference 1. 
The wind speed is assumed to be rated value and hence the torque and speed of the 
generator. 
The wind turbine is considered to be delivering the power to grid and not to local loads. 
All the initial conditions are assumed to be zero, unless otherwise specified externally and 
losses neglected to make the model simple and calculation easier. 
As the objective of the modelling work was to get the correct transient response during a 
grid fault, generator and converter losses neglected or assumed to be zero. 
The model is not analysed under Grid Fault Ride through Conditions, also not able to 
maintain the stability due to unavailable provision for voltage stabilization. 
4. Results 
Simulation results are provided for the following different cases 
1. Normal operation 
2. Grid Fault Analysis 
a. Three-Phase Line to Ground Fault 
b. Two-Phase Line to Line Fault 
The following category figures are plotted for each scenario 
1.      Generator Voltage, Current, Real Power and Reactive Power 
2.      Generator Electromagnetic Torque, Speed 
3.      Mechanical Torque, Rotor and Wind Speed, Pitch 
4.      Inverter Voltage, current, PWM pulses, Vdc 
5.      Grid Voltage, Current, Real Power and Reactive Power 
4.1 Normal operation 
To analyse the model under normal operating condition, follow the steps in the below 
snapshot of the matlab command window. After the simulation, command window will 
prompt for user input to display the results and to save the figures. To start with run the 
main.m file in command window and follow the steps below: 
4.1.1 Comments on the result 
At rated torque and speed, the FFIG delivers the rated power to grid under normal 
operation. The negative sign in the generator power waveform denotes consumption and 
positive sign denotes generation of power. Thus the generator delivering rated power to 
grid by absorbing some reactive power. 
www.intechopen.com
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Fig. 11. Matlab command window as user interface, normal operation 
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Fig. 12. Generator-side electrical outputs, normal operation 
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Fig. 13. Generator-side mechanical outputs, normal operation 
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Fig. 14. Inverter Electrical outputs, normal operation 
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Fig. 15. PWM pulse outputs, normal operation 
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Fig. 16. Grid-side Electrical outputs, normal operation 
www.intechopen.com
 Wind Power 
 
104 
The negative sign in torque denotes it as generating torque. The real power is delivered to 
grid with some loss of power in the transformer, cable and transmission line. 
Fig.14. shows inverter output settles after one sec, before that there are some spikes 
occurring at regular intervals. This can be avoided by providing dv/dt filters in the output. 
The dc regulator maintains the dc voltage at its constant level as seen from fig.14. 
The PWM pulse output shown in fig.15. for both machine and network bridges. The 
modulation is unsynchronised sine pwm and it’s based on the closed loop bridge control. 
4.2 Three-phase to ground grid fault 
To analyse the model under three-phase to ground grid fault condition, follow the steps in 
the below snapshot of the matlab command window. After the simulation, command 
window will prompt for user input to display the results and to save the figures. To start 
with run the main.m file in command window and follow the steps below: 
4.2.1 Comments on the result 
At rated torque and speed, the FFIG delivers the rated power to grid under normal 
operation. At time t=2.5s, three-phase to ground fault is created at the grid side transmission 
line hence the grid current abruptly increased. The generator voltage, current will not 
become zero as like in fixed speed wind turbine and speed will increase above rated speed. 
Also the actual dc voltage becomes zero with that of reference. 
 
 
Fig. 17. Matlab command window as user interface, 3phase grid fault 
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Fig. 18. Generator-side electrical outputs, 3phase grid fault 
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Fig. 19. Generator-side mechanical outputs, 3phase grid fault 
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It is evident from the fig.19. that there is a mechanical torque reversal during the grid fault 
and there are some oscillations in all the waveforms after the fault has been cleared. But the 
shaft between generator and wind turbine will ring at its natural frequency.  
At time t=3s fault is cleared and all the quantities will slowly come to its previous condition 
of normal operation. Since electromagnetic torque becomes discontinuous during grid fault 
and initial conditions are changed after fault removal, it will take more time to settle in 
steady state. Implementation of GFRT will rectify this issue and stabilize the electrical 
parameters during fault and after fault removal. 
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Fig. 20. Inverter Electrical outputs, 3phase grid fault 
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Fig. 21. PWM pulse outputs, 3phase grid fault 
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Fig. 22. Grid-side Electrical outputs, 3phase grid fault 
 
 
 
 
Fig. 23. Matlab command window as user interface, 2phase grid fault 
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Fig. 24. Generator-side electrical outputs, 2phase grid fault 
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Fig. 25. Generator-side mechanical outputs, 2phase grid fault 
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Fig. 26. Inverter Electrical outputs, 2phase grid fault 
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Fig. 27. PWM pulse outputs, 2phase grid fault 
www.intechopen.com
 Wind Power 
 
110 
 
2 2.5 3 3.5
-2
0
2
x 105 Grid Voltage in Volts
2 2.5 3 3.5
-500
0
500
Grid Current in Amps
2 2.5 3 3.5
-5
0
5
x 107 Grid Real Power in Watts
2 2.5 3 3.5
-1
0
1
x 108 Grid Reactive Power in vARs
Time in secs
 
 
 
Fig. 28. Grid-side Electrical outputs, 2phase grid fault 
4.3 Two-phase line to line grid fault 
To analyse the model under two-phase line to line grid fault condition, follow the steps in 
the below snapshot of the matlab command window. After the simulation, command 
window will prompt for user input to display the results and to save the figures. To start 
with run the main.m file in command window and follow the steps below: 
4.3.1 Comments on the result 
At rated torque and speed, the FFIG delivers the rated power to grid under normal 
operation. At time t=2.5s, two-phase line to line fault is created at the grid side transmission 
line hence the grid current abruptly increased. The generator speed will increase above 
rated speed. Also the actual dc voltage maintained as that of reference.  
It is evident from the fig.25. that there is a no mechanical torque reversal during the grid 
fault but the torque tends to reduce and the oscillations in all the waveforms during grid 
fault are not severe. Also the shaft between generator and wind turbine will ring at its 
natural frequency.  
At time t=3s fault is cleared and all the quantities will slowly come to its previous condition 
of normal operation. Implementation of GFRT will rectify this issue and stabilize the 
electrical parameters during fault and after fault removal. 
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5. Conclusion and future work 
The matlab model created for fully-fed induction generator based wind farm provides good 
performance under normal and transient (fault) operating conditions. It provides good 
results for different pwm techniques and fault conditions except the single-phase line to 
ground fault, which should be verified with help of practical hardware scaled down model 
or real time data from wind farms. 
The present system also consist of machine and network bridge controllers in which the 
former maintains dc link energy by controlling torque, speed and the later provides 
controlled real, reactive power to grid. 
The performance is achieved by considering assumptions mentioned in section (3), hence 
this matlab model should be implemented for Grid Fault ride-through and the performance 
should be evaluated by comparing the results. The system also requires a condition 
monitoring algorithm to check for faults & to protect the equipments from malfunctioning 
or damage and filters to arrest the spikes. 
Also this model should be tested at different speeds above & below rated speed and 
performance of pitch controller should be verified as an extension to this work. 
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